During dry flue gas desulphurisation (FGD) 
Introduction
According to Moroz et al. [1] and Kuburovi} et al.
•2•, the chemistry of dry flue gas desulphurisation (FGD) can be describe as follows: -formation of SO 2 : 
Calculations of reaction free energy assuming that is water in a liquid and gaseous phase -reactions (3) and (4).
Calculation
Chemical reaction enthalpy (heat of reaction) is defined according to the following equation [3] :
products reactants (5) where b i is stechiometric numbers of moles of the i th component of reactants and products, respectively, and Dh i is bond energy of the i th component. Dependence of reaction enthalpy on temperature is defined by equation:
where is:
products reactants (7) and represent a sum of specific molar heat capacities. Another relation defines entropy of reaction:
where s i is specific entropies of bonds of the i th component. Dependence of reaction entropy on temperature, at constant pressure is defined as:
Free energy is defined by following expression:
where Dg i is Gibbs specific free energy of the i th component. Another relation gives impact of enthalpy, temperature and entropy on free energy of reaction:
If DG > 0 reaction occurs in course of reactants formation, and if DG < 0 reaction runs in course of products formation.
During occurrence of the considered chemical reactions, the achieving of equilibrium state in reactor space take place in direction of the lowest value of free energy:
where G is free energy, H is enthalpy, S is entropy, and T is absolute temperature at which chemical reaction occurs. For generalized chemical reaction:
and in states of minimum of free energy (under condition that components react as gases), chemical equilibrium constant may be described by the components concentration [3] :
and/or, via components partial pressure:
At absolute temperature in the system (T) and at change of mole numbers
where R u is universal gas constant. When the normal state of each component is the pure state at the given p and T (p 0 = 1.013·10 5 Pa), eq. (16) becomes:
where DG = DH -TDS is change of the system enthalpy. The specific molar heat capacities are usually expressed in the following form [4] :
Coefficients a, b, and c for individual components are shown in Table 1 [4]. Temperature dependence of specific heat capacities of water in a liquid state and gaseous oxygen are summarized in Tables 2 and 3 [5] .
Specific molar heat capacity of solid rhomboid sulphur as a function of temperature and in temperature range between 24.9-95.5 °C is given by the following expression (6): 
Results and discussion
The influence of temperature on enthalpy, entropy, and free energy of the SO 2 formation reaction -reaction (1), are shown in Table 5 [5]. Therefore, the influence of temperature on free energy and chemical equilibrium constants of reaction (2-4) are given in Figs. 1-5 [7] .
Formation of SO 2 -reaction (1), is an exothermic reaction (DH < 0) in temperature range 298-1500 K. Free energy of the considered reactions are negative as well in temperature range 298-1500 K, so the process occurs in direction of SO 2 formation (Table 5 and Fig. 1) .
CaSO 3 decomposition reaction -reaction (2), is a endothermic process in temperature range 298-1200 K (DH > 0). Free energy of the considered reaction change their sign in temperature range 298-1200 K, hence the reaction carry out in both directions (Fig. 2) . At the moment of equilibrium, e. g. DG = 0, which correspond to CaCO 3 decomposition temperature of app. 1150 K (Fig. 2) .
Variation of enthalpy, entropy, and free energy of the Ca(OH) 2 formation reaction -reaction (3), with water in vapor and liquid phase as functions of temperature are shown in Fig. 3 . In Fig. 3 is noticeable that enthalpies of the Ca(OH) 2 formation reaction are negative (DH < 0), so the process releases heat (exothermic reaction). Free energy of the Ca(OH) 2 formation reaction with water in vapor phase change their sign in temperature range 298-1000 K, hence the process occurs in both directions. State of equilibrium is achieved when DG = 0 and respective equilibrium temperature is approximately 740 K (Fig. 3) .
Free energy of the same reaction with water in a liquid state is negative in temperature range 298-373 K (DG < 0), hence the process occurs in direction of Ca(OH) 2 formation. Enthalpies of the process with wate r in a liquid phase is calculated for temperature range 298-373 K, since at temperature T > 373 K water evaporated, and at temperature T < 273 K water freeze.
Vari a tions of enthalpy, en tropy, and free en ergy of CaSO 4 ×2H 2 O for ma tion re ac tion -re ac tion (4) with wa ter in va por phase as func tions of tem per a ture are shown in Fig. 4 . Free en ergy of the con sid ered re ac tion is also neg a tive (DG < 0) in the con sid ered temper a ture in ter val; there fore the pro cess oc curs in di rec tion of CaSO 4 ×2H 2 O for ma tion.
Reaction of CaCO 3 decomposition -reaction (2), is endothermic process, therefore, as temperature increases, value of equilibrium constant of that reaction increasing in direction of products formation (Fig. 5) . On the other hand, for exothermic reactions (1), (3), and (4), values of equilibrium constants decreases with increasing temperature as result of reaction carry out to the reactants formation (Fig. 5 ).
Summary and conclusions
In this study is shown that for the considered reactions thermodynamic functions DH and DS have the same sign, and the sign of DG is determined by ratio of enthalpy, and entropy components in Gibbs-Helmholtz equation (11). In other words, temperature of considered reactions becomes decisive factor for thermodynamic conditions. For exothermic reactions (1), (3), and (4), with negative variation of entropy, condition that DG < 0 will be satisfied at lower temperatures. However, for endothermic reaction (2), with positive change of entropy, condition DG < 0 will be satisfied at higher temperatures, where entropy (e. g. TDS) becomes dominant. It is shown that increase of temperature causes increase of equilibrium constant of the CaCO3 formation reaction, according as result of equilibrium state proceeding in direction of products formation. For the SO 2 , Ca(OH) 2 , and CaSO 4 ×2H 2 O formation reactions it is shown that increase in 
